Insulin and dexamethasone regulate insulin receptors, insulin receptor substrate-1, and phosphatidylinositol 3-kinase in Fao hepatoma cells.
Insulin rapidly stimulates tyrosine kinase activity of its receptor, resulting in phosphorylation of the cytosolic substrate, insulin receptor substrate-1 (IRS-1), which, in turn, associates with phosphatidylinositol 3-kinase (PI 3-kinase), thus activating the enzyme. In the present study we have examined these three early postreceptor components of the insulin action pathway in rat hepatoma (Fao) cells and have determined the effects of two hormones that can induce insulin resistance, dexamethasone and insulin. Dexamethasone (1 microM) induced a time- and dose-dependent increase in insulin receptor levels in Fao cells, reaching 135 +/- 3% of basal levels after 24 h (P < 0.05). There was a simultaneous increase in IRS-1 protein to 255 +/- 66% of the control value (P < 0.05) and a parallel increase in IRS-1 phosphorylation. Insulin stimulation of IRS-1-associated PI 3-kinase was also increased by 70% in cells treated with dexamethasone despite only a minimal increase in PI 3-kinase protein, as determined by immunoblotting. Prolonged insulin treatment induced a time- and dose-dependent decrease in insulin receptor and IRS-1 protein levels, reaching nadirs of 40 +/- 4% (P < 0.01) and 15 +/- 6% (P < 0.005) of control levels, respectively, after 24 h with 100 nM insulin. There was also a decrease in the phosphorylation of insulin receptors and IRS-1, a marked decrease in the association between IRS-1 and PI 3-kinase, and an 82% decrease in insulin-stimulated PI 3-kinase activity without a significant change in PI 3-kinase protein levels. When cells were exposed to both insulin and dexamethasone, the effect of insulin to reduce insulin receptor and IRS-1 levels and insulin-stimulated IRS-1 phosphorylation dominated. These data suggest that regulation of the insulin receptor, IRS-1, and PI 3-kinase contributes significantly to the insulin resistance induced by chronic hyperinsulinemia, but that glucocorticoid-induced insulin resistance is located beyond these early steps in insulin action.